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NONLINEAR STABILIZATION OF THE CURRENT CONVECTIVE

INSTABILITY IN THE DIFFUSE AURORA

The high latitude scintillation enhancements observed recently by the DNA Wideband

satellite have been characterized by the association of their occurrence regions with horizontal

plasma density gradients and with the nighttime diffuse auroral particle precipitation zone

[Fremouw et aL, 1977; Rino et al., 19781. The scintillations are believed to be caused by field-

aligned sheetlike F region ionospheric irregularities. Recently, we have argued that a current

convective instability, driven by a weak magnetic field-aligned current and a plasma density ra-

dient transverse to the magnetic field, could generate large scale-size irregularities in the

medium; even when the directions of the ambient horizontal electric field and density gradient

are such that the usual E x B gradient drift instability is inoperative [Ossakow and Chatured,

19791. It was shown there that the threshold conditions for the instability could readily be

exceeded by the observed values of weak diffuse auroral currents and horizontal plasma densityIgradients at F region altitudes. In this report, we show that the current convective instability

saturates nonlinearly by generating linearly damped harmonics through a dominant two-

dimensional nonlinearity in the continuity equation. The estimated saturated amplitudes are

. then compared with the experimental data recently obtained through in-situ rocket flights (M.

C. Kelley, private communication, 1979), and the agreement is found to be satisfactory. We

note here that this nonlinear saturation mechanism has earlier been studied for the cases of

f some other gradient driven instabilities, namely, the f x J gradient-drift instability (Roenst

and Weinstock, 1974; Chatwnwd and Ossakow, 19791 and the collisional and collisionless Iravita-

I. tional (Rayleigh-Taylor) instability [Chabitw and Onakow, 1977; Hudson, 19781.
Mauicript submitted October 4, 1979.
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CHATURVEDI AND OSSAKOW

We consider a coordinate system appropriate for the auroral F region ionosphere in which

the earth's magnetic field is aligned with the z-axis, the density gradient points northward along

the y-axis, and the x-axis points westward. Note that an ambient electric field in the east-west

direction and a horizontal gradient in the east-west direction have also been occasionally

observed. But we shall ignore them for simplicity as we do the vertical altitude density gradient

which is very weak. The basic equations, describing a nearly field-aligned current-convective

mode in this situation, are

cT, V.nxi c1+ .xi ,,ac! Vn

- eBO n B0  0fli n
eEz _ Te~ cs1 18n.

E - + -- n +voi (1)

Yi × x + in qEc cTi Vin x i 'i.cT V1 n

B0  +k Bi;10  eBo n llIeB0 n

ni q Vin € 2 I 8n , +v0 V(2)
", fli n Pin n oz

+ V • (n.y) - 0 (3)

and

V " j- 0 (4)

where we allow for perturbations having small variations along the magnetic field.

The first two equations describe the motion of electron and ion fluids, in which we have

ignored the inertial effects for the two species on account of the low frequencies considered.

Equation (3) is the continuity equation for species a, where subscript a stands for ions or elec-

trons, and Eq. (4) results from quasi-neutrality, n, nj = n. The notation used here is stan-

dard: c is the speed of light, n is the density, v the fluid velocity, T the temperature in energy

units, 1 denotes perpendicular to the ambient magnetic field B, 1 is the unit vector along the

z-axis, P., is the Coulomb collision frequency, Pin is the ion-neutral collision frequency, ci is

the ion sound speed (M (Te + T,)/M), M is the ion mass, m the electron mass, fi is the cyclo-

2
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tron frequency, and so on. We have neglected so,', the electron neutral colision frequency and

have assumed ,JI(, < < , appropriate for the F region.

In what follows we equate the weak diffuse auroral currents observed in the ionosphere to

a relative drift between electrons and ions, Vd (Vd - vo - VD), along the magnetic Wid. The

ion and electron continuity equations may be written as, in the ion frame,

k "-+ -  .I~n+ 1 i

1Vi. " T J_1 x in*

and

*,n+ n cEj _' le, 42  )
'-T vd~ +  B . 1n-V 1  I--,V lnI

z m-';, O z l m i +  I z 0

Equation (4) is nothing but the difference of Eqs. (5) and (6),
andn

E n 1 
Vn- a n _! i _ 3 _ L ij j +~ _ Lj n I . 0( 6)

z T.e &n nez.vi in

Any two of the Eqs. (5)-(7) provide the complete description of the current convective

instability. In the linear approximation, a perturbation of the form c exp i

(kxx + kyy + kzz - wt), where w z-- t, + i-y, grows at a rate -y, given by,

" " k Vei ".

kzvd L (8) D .

..
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CHATURVEDI AND OSSAKOW

_.L 1+ an

where, k1
2 - k + ky', I 2 >> kl and L- - ni'(Ono/Oy). This is the growth rate expression

also derived in our earlier paper for the current convective instability [Ossakow and Chaturwdi,

1979] with three differences. In Eq. (8) we have ignored any equilibrium transverse electric

fields, have included the diffusion damping and allowed for ky. [Note that (8) is the same as

(10) in Ossakow and Chaturvedi [19791 but differs from their (9). This is because in arriving at

(1) and (2), in the present work, the relative motion in the electron-ion collision term in both

the electron and ion momentum equations has been retained.]

The current convective instability is characteristic of collisional magnetoplasma

configurations with a field-aligned current and a transverse density gradient, and was first dis-

cussed in connection with the positive column of laboratory gas discharges [Kadomstev, 19651.

A physical picture for this instability has been given in our earlier paper (Ossakow and Cha-

turvedi, 19791. Briefly, the equilibrium electron drift along the magnetic field with respect to

ions, vd, causes polarization charges to develop across density fluctuations associated with the

nearly perpendicular mode (ki >> kz) [see Eq. (7)]. The resulting x _ convection of the

fluid along the equilibrium density gradient carries density depletions into increasing density

regions and vice versa. As a consequence, the perturbation appears to grow with respect to the

background [Eq. (5) or (6)1. The instability occurs when the growth term overcomes the

damping due to ambipolar diffusion. This convective instability picture is all too familiar with

the other gradient instabilities such as the gravitational and E x B instabilities [see, e.g., Sudan

L ": etal., 19731.

In such cases, a dominant stabilization mechanism has been shown to be the two-

dimensional mode coupling to linearly damped harmonics through El x _ • V, n term in the

' .. . . - ,
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continuity equation [Rognlien and Welnsock, 1974; Chauned and Ooakow, 1977; 19791. This

stabilization mechanism may be viewed as resulting from a nonlinear flux of paricles or a

quasi-linear modification of the equilibrium density gradient which acts to limit the growth of

perturbations. It may be noted that the E., x • V1 n term in the case of plane wave pertur-

bations is vanishingly small, in which case some other nonlinearity may be the dominant one.

In the present case, however, for highly field-aligned perturbations, such that

(ajfl)>> (k1 k, )2 the two-dimensional nonlinearity in the continuity equation is the most

important one. Thus in the ensuing analysis, we shall treat Eq. (7) linearly and retain only this

nonlinearity in the continuity Eq. (6). We shall follow the approach outlined in Rogniben and

Weinstock 119741 and Chaturvedi and Ossakow [1977;19791.

Consider a perturbation of the form

[h] " A,. sin (kx + kzz - wt) cos kyy (9)

Then the linearlized Eq. (7) leads to

(kzVd) -i B0Pin C _(0

cos (kx + kz - wt) cos kyy

where we have ignored some small terms (i.e., the terms proportional to temperature; this is

justified for the large parallel and perpendicular wavelengths we are considering). The-.z x

So Vi h term in the continuity equation may be written as "

O(.04 0 JAI 8(041 _8A (I

by ax no 1, ax Sy noit

* Bo ! k kz_
.. - c ( e k 2 kv A , sin2ky
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CHATURVEDi AND OSSAKOW

which shows that the spatial harmonic in the direction of the gradient is generated through this

nonlinearity. We call it a new mode

(j -A2 0 sin 2ky. (12)nf12,0

One can write the continuity Eq. (6) in a form

cE, x
t 0  VL h (13)

where we have split n - no + ft, no(y) is the ambient plasma density, fk is the perturbation, and

y is the net growth (or damping) of the modes. It can be readily verified that a perturbation of

the form (9) grows with the growth rate given by expression (8) while the mode (12) simply

damps out due to diffusion. Following the procedure outlined in Rognien and Weinstock [19741

and Chaturvedi and Ossakow [1977; 1979], we substitute for the density perturbation, in Eq.

(13),

= A I sin (kx + kz - wt) cos kyy + A2,0 sin 2kyy (14)
no

The associated potential perturbation then can be computed from the linearized Eq. (7) and

substituted in Eq. (13).

One then obtains two coupled equations for the mode amplitudes,

OA ,
8- 'yjjAjj - a ALIA 2,0  (15)

and

8A202. 
+0  2,o A A, (16)

where

k,,ky z..d, ! kik k v.

1. a C

6
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is the coupling coefficient. One notes that in Eqs. (15) and (16), the nonlinearity causes a non-

linear damping to be introduced for the linearly growing mode A,, I through its interaction with

mode A2.o; whereas the linearly damped mode A2.0 gets driven on account of the nonlinear

interaction of mode A,,, with itself. In an asymptotic steady state, one can put 8AI,/8t 8

8A2 .o t - 0. Then (15) and (16) yield,

A2.0 - _ 1 (17)a k L

and

A,,1 = A2 .o (18)

A rough estimate may be made of the saturated amplitudes. If Y II > V 2.0, then one notes that

A 2 , 0 > A,,,. Then for L - 50 km and ,Y - 10 km, one obtains for A 2 ,0 - 3.2%. It may be

mentioned here that in a recent in-situ rocket measurement of auroral F-region irregularities, a

percentage fluctuation amplitude of this order was measured for these scale sizes (M.C. Kelley,

private communication, 1979). It should also be noted that the linear theory of the current

convective instability favors a wave vector in the east-west direction (see Eq. (8)), i.e., perpen-

dicular to the northward density gradient. However, with A2.0 > A,.,, the nonlinear saturated

state of the instability would make the k vector appear to be in the y (northward) direction, i.e.,

the final spectrum would be dominated by the north-south modes. This is in agreement with

the observations of Rino et aL [19781 who observed the sheet-like scintillation causing F region

irregularities to be L shell aligned. Furthermore, the simulations of Keskiien eta/. [1979] have

shown that the collisional Rayleigh-Taylor instability in equatorial spread F saturates by the two

dimensional mode coupling.

I.
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CHATURVEDI AND OSSAKOW

In summary, we have shown that a nonlinear two-dimensional mode coupling can stabilize

the current convective instability in the auroral F-region ionosphere during diffuse auroral con-

ditions. The saturated fluctuation amplitudes of these large scalesize structures (-10 kin)

could be on the order of a few percent of the background values.
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OICY ATTN CODE 7580
OICY ATTN CODE 7551 SAMSO/M

OICY ATTN CODE 7555 NORTON AF8, CA 92409

OICY ATTN CODE 6730 E. MCLEAN (MINUTEMAN)

OICY ATTN CODE 7127 C. JPl*,SON OICY ATTN MNNL LTC KENEDY

COMMANER COMMANDER

NAVAL SEA SYSTEMS COMMAND ROME AIR DEVELOPMENT CENTER, AFSC
WASHINGTON, D.C. 20362 HANSCOM AF8, MA 01731

OICY ATTN CAPT R. PITKIN OlCY ATTN EEP" A. LORENTZEN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM DEPARTMENT OF ENERGY

DAHtGREN, VA 22448
OlCY ATTN. CAPT J. H. BURTON DEPARTMENT OF ENERGY

AAL.BUQUERQUE OPE-ATIONS OFFICEOFFICER-1IN-CHARGE P. 0. Box 5400

NAVAL SURFACE WEAPONS CENTER AL QERQUE, Nm 8711S
WHITE OAK, SILVER SPRING, MD 20910 A ICY ATTN DOC FOR D. SHERWOOD

OCY ATTN CODE FCO

DEPARTMENT OF ENERGYDIRECTOR LIBRAY ROOM G-04.2

STRATEGIC SYSTEMS PROJECT OFFICE WASHINGTON, O.C. 2054 S
DEPARTMENT OF THE NAVY ICY ATTN D OC CON FOR A. LA. 5ITZ
WASHIYA4TON, D.C. 20376

OLCY ATTN NSP-2141 EG&G, INC.
OICY ATTN NSSP-2722 FRED WIMBERLY LOS ALAMO 31VISION

P. 0. 9OX 809
NAVAL SPACE SYSTEM ACTIVITY LOS AL0 , him 85OX0
P. O. dox 92960 OICY ATTN DOC CON FnR J. BREEDLOVE

WORLDWAY POSTAL CENTER
LOS ANGELES, CALIF. 90009 UNIVERSITY OF CALIFORNIA

01C ATTN A. B. HAZZAI) LAWRENCE LIVERMAORE LABORATORY

HEADQUARTERS P. 0. BOx 808

ELECTRONIC SYSTEMS OIVISION/DC LIVERMORE, CA 94550
DEPARTM4NT OF THE AIR FORCE OICY ATTN DC CON FOR TECH IWTO DEPT

HANSCOM AF8, MA 01731 0ICY ATTN DOC CON FOR L-3d9 R. OTT
01CY ATTN DCKC MAO J. C. CLARK OCY ATTN DDE CON FOR L-31 R. HAGER

OlCY ATTN 0CC CON FOR L-46 F. SEWARD

LOS ALAMOS SCIENTIFIC LABuRATORY
P. 0. BOX 1663
LOS ALAMAOS, WM 87545

OICY ATTN DOC CON FOR J. WOLCOTT

OCY ATTN OOC CON FOR R. F. TASOEK

COMMANDER OICY ATTN DC CON FOR E. JONES
FOREIGN TECHNO2LOGY DIVISION, AFSC OICY ATTN DOC CON FOR .J. MALIKC
WRIGHT-PATTERSON AFS, ON 45433 0ICY ATTN DOC CON FOR R. JEFFRIES

OICY ATTN NICD LIBRARY 01CY ATTN OC CON FOR J. ZIN
0ICY ATTN ETOP S. BALLARD GICY ATTN DOC CON FOR P. KEATON

01CY ATTN DOC CON FOR 0. WESTERVELT

COMMANDER
ROM. AIR DEVELOPMENT CENTER, AFSC SANDIA LABORATORIES
GRIFFISS AFS, NY 13441 P. 0. BOX 5800

OICY ATTN DOC LIBRARY/TSLO ALBJUERQUE, NM 87115

01CY ATTN oCSE V. COYNE OILY ATTN DOC CON FOR J. MARTIN
OlCY ATTN DOC CON FOR W. BROWN

SA4SO/SZ 01CY ATTN DOC CON FOR A. TPmCkAXL.,

SPOST OFFICE OX 92960 OICY ATTN DOC CON FOR T. WRIGHT

WORL,.AY POSTAL CENTER OICY ATTN DOC CON FOR 0. DAHP.,REN

LOS ANGELES, CA 90009 01CI ATTN DC. C04 10 314.1
(PACE DEFENSE SYSTEMS) OICY ATTN DCC CON F.Vy SPACE ROF.CT 3IV

OICY ATTN SZJ
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BOEING COMPANY, THE

SA,)IA LA80RATORIES 
P. 0. BOx 3707

LIVEWRE L.ABORATORY iEATTLE, wA 98124

p. o. dO. 969 
OICY ATTN G. KEISTER

LIVE;LDR2E, CA 94550 
OCY A1TN D. MRRAY

OICY ATTN OUt CON F04 -3 MURPHY OICy ATTN G. HALL

OICY ATTN 30C CON FOR T. COC. OICY ATTN .J. KENNEY ,

OFFICE JY MILITARY APPLICATION 
CALIFORNIA AT SAN DIEGO, UNIV OF

OEPARTtENT c A EROY 
8IPAPS, 6-019

.ASI'JTuN, ,).C. 20545 
LA ,JOLLA, CA 92093

OCY ATTN XC CON FOR D. GALE OICY ATTN ENR Y G. BOOKER

BROWN ENINEERING CO PANY, INC.

OTHER (,UVE.lNME'[T C,IrGS RESEARCH PARK
* UNTSVILLE, AL 35601

OICY ATTN ROMEO A. DELIBERIS

CENTRAL :NTELLIGENCE AGENCY

ATTN RD/SI, 4M 5G46, -I BLDG CHARLES STARK URAPER ..ABORATORY, INC.

,WASHIG2JN, DC. 20505 
555 TECHNOLOGY SQUARE

OICY ATTN OSIIPS/L) RL4 F 19 CAMBRIDGE, A 02139
OCY ATTN 0. B. COX

DEPARTMENT OF COMMERCE O.CY ATTN J2. P. GILMORE

NAT IONAL BURE.A. OF STAN)ARDS

,ASHjINGTO, D.C. 20254 CoMPuTEq SCIENCES CORPORTION
(ALL CORRES: ATTN S6C 5FFICER FOAN) C3T5 SCIEN CLVO

0CY ATTN R. M OORE FALLS CHURC , VA 22046
OCY ATTN . eLAN

K

ICY ATTN JOH"N4 $POOR
OICY ATTN C. NAIL

COMSAT LABORA,)RIE5
LfNTICUM ROA
CLARKSBURG, Mu 207$4

OILY ATTN L,. HYDE

INSTITUTE FOR TELECOM SCIENCES CQRfLL NI
v
ERSITY

NATIONAL TELECOMMJNICATIONS & INFO ADMIN DEPARTt',,T OF tLECTRICAL ENGINEERIN,

BOULDER, CO 80303 IrACA, NY 14dSO

OICY ATTN A. EAN (UNCLASS ONLY) OICY ATTN L. T. FARLEY 'JR

OICY ATTN a. UTLAUT
OiCY ATTN 0. CR0M

B 
IE LECTrRUSPACE i6T.LMS, INC.

OiCY ATTN L. BERRY Box 1359
RICTARUSUN, TX 75060

NATIONAL OCEANIC & ATMOSPHERIC AOMIN 
OICY ATTrf H. LOGSTON

ENVIROFNPENTAL RESEARCH LABORATORIES OI Y ATT14 SECURITY (PA.L PHILLIPS)

DEPARTMENT OF COmfMMRCE
BOULDER, CO 80302 4,l. INC.

OICY ATTN R. GRUBB 45 4.YVAL A 145
OICY ATTN AERONOFY LAB G. REID SuNNYVA T%, LA RBE06TiLTY ATT\, .. ROBERTS

OICY ATTN JAMES MARSHALL
OCY ATTN C. w. PRETTIE

FORD AEROSPACE & COMMUNICATIONS CORP

3939 FABIAN WAY
PALO ALTO, CA 94303

OICY ATTN J. T. MATTINGLEY

GENEkAL ELECTRIC COMPANY

AEROSPACE CORPORATION 
SPACE DIVISION

P, 0. Box 92957 VALLEY FORGE SPACE CENTER

LOS ANGELES, CA 90009 
GOOOARD BLVD KING OF PRUSSIA

0ICY ATTN I. GARFUNKEL P. 0. Box 8555

OLCY ATTN T, SALMI PHILADELPHIA, PA 19101

OiCY ATTN V, JOSEPHSON 
OICY ATTN M. H. BORTNER SPACE SCI LAS

OICY ATTN S. BOWER
OCY ATTN N. STOCKWELL GENERAL ELECTRIC COMPANY

OICY ATTN D. OLSEN P. a. Box 1122
LCY ATTN d. CARTER SYRACUSE, NY 13201

OILCY ATTN J. CARTE OCY ATTN F. REIBERT . 6

OILY ATTN F . MORSE
OICY ATTN SMfA FOR PWW GENERAL ELECTRIC COMPANY

ANALYTICAL SYSTEMS ENGINEERING CORP 
TEMPO-CENTER FOR ADVANCED STUOIES

016 STATE STREET (P.O. DRAWER QQ)
BUOLD CONCOD ROAD SANTA BARBARA, CA 93102
BURLINGTON, ;iA 01|03 {CY ATTN DASIAC

OICY ATTN RADIO SCIENCES OICY ATTN DON CANER
{}ICY ATTm TOM BARRETT

BERKELEY RESEARCH ASSOCIATES, INC. OICY ATTN TIM STEPHANS

P. 0. BOx 983 OICY ATTN WARREN S. ANAPP

BERKELEY, CA 94701 OIC ATTN WILLIAM MCNAMARA
lCY ATTN J. WORK(MAN OICY ATTN B. GAMBILL

OICY ATTN MACK STANTON

F.
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COojRT $TAzi' CO, ,ADU SP.IN., CQ I0s05

• iyRASE, %Y IS201 OICY ATTN r. M t
0CY ATTN G. I1.LA%

LIOWAdIT CORP

GENERAL RESEARCH CORPORATION 10SS ROSELLE
SANTA BARBARA 31VISION SA O14O, CA 92121

P. 0. BOX 6770 0ICY ATTN ItwIN ,ALO85

SANTA BARBARA, CA 95111
OICY ATTN JOHN ISE JR

OICY ATTN JOEL GARJARINO

GEOPHYSICAL INSTITUTE

UNIVERSITY OF ALASKA

FAIRA'NKS, AK 99701 M.I.T. LINCJO.N LAdURATORY

(ALL CLASS ATTN: SECURITY OFFICER) P. 0. BOX 73

OICY ATTN T. N. DAVIS (UNCL ONLY) LEXINGTON, MA 02175
OlCY ATTN 3AVI0 M. TONWLt

OICY ATTN NEAL BRONN (UNCL ONLY) 0ICY ATTN P. WALDRON

0ICY ATTN TECHNICAL LIBRARY OICY ATTN L. AOKHLIN

GTE SYLVANIA, INC. OICY ATTN D. CLARK

ELECTRONICS SYSTEMS GRP-EASTERN DIV MARTIN MARIETTA CORP
77 A STREET ORLANV 01/SJON

NEEDIAM, MA 02194 P. 0. BOx 5057

OCY ATTN MARSHAL CROSS ORLANDO, FL 52005

OILY ATTN A. ,IEFFN:R

*BILLINOIS, UNIVERSITY OF
DEPARTMENT OF ELECTRICAL ENGINEERING MDONNELL OUuGLAS CORPORATION
URBANA, IL 61803 55101 SOLSA AVENE

OICY ATTN K. YEH HUNTINGTON BEACH, CA 92647

OICY ATTN N. -ARRIS

ILLINOIS, UNIVERSITY OF OICY ATTN J. YRXi:
107 COBLE HALL OICY ATT GEORGE MAotQ)

801 S. WRIGHT STREET OuCY ATTN w. JLSON

URBANA, IL 60680 OCY ATTN 4. .. .I%

A • (ALL CORRES ATTN SECURITY SUPERVISOR FOR) OICY ATTN TN ..C LIRART 5X1vlC_.

OlCY ATTN K. YEN

INSTITUTE FOR DEFENSE ANALYSES MISSION RESEARCH COROPOAAT ION

400 ARMY-NAVY DRIVE 735 STATE STREET

ARLINGTON, VA 22202 SANTA BARBARA, CA 93101

01CY ATTN J. M. AEIN OICY ATTN P. FISCHER

01CY ATTN ERNEST BAUER OICY ATTN W. F. CREVIER

OICY ATTN HANS WOLFHARD OCY ATTN STEVEN L. GVTSCME

01CY ATTN JOEL BENGSTON OICY ATTN 0. SAPPENFIELD
DICY ATTN 4. BOGUSCH

HSS, INC. OCY ATTN 4. HENDR ICK

2 ALFRED CIRCLE OICY ATTN RALPN KIL8

BEDFORD, MA 01730 OICY ATTN DAVE SOWLE

OICY ATTN DONALD HANSEN OICY ATTN F. FAJEN

0ICY ATTN M. SCHEIBE

INTL TEL & TELEGRAPH CORPORATION 0ICY ATTN CONRAD L. LONGMIRE

500 WASHINGTON AVENUE OICY ATTN WARREN A. SCHLUETER

NUTLEY, NJ 07110

01CY ATTN TECHNICAL LIBRARY MITRE CORPORATION, THE

P. 0. BOX 208

JAYCOR BEDFORD, MA 01750

1401 CAMINO DEL MAR OICY ATTN JOHN MORGANSTERN

OEL MAR, CA 92014 OICY ATTN G. HARDING

0ICY ATTN S. R. GOLDMAN 0ICY ATTN C. E. CALLAN

JOINS HOPKINS UNIVERSITY MITRE CORP

APPLIED PHYSICS LABORATORY WESTGATE RESEARCH PARK
JOHN$ HOPKINS ROAD 1820 DOLLY MADISON BLVD

LAUREL, mC 20810 MCLEAN, VA 22101

OICY ATTN DOCUMENT LIBRARIAN OICY ATTN W. FHAIL

OICY ATTN THOMAS POTEMRA 0ICY ATTN W. FOSTER

OICY ATTN JOHN DASSOULAS
PACIFIC-SIERRA RESEARCH CORP

LOCKHEED MISSILES & SPACE CO INC 1456 CLOVERFIELD BLVD.I. •P. 0. BOX 504 SANTA MONICA, CA 90404

SUNNYVALE, CA 94088 OICY ATTN E. C. FIELD JR

OICY ATTN DEPT 60-12

G.ICY ATTN D. R. CHURCHILL PENNSYLVANIA STATE UNIVERSITY

INOSPHERE RESEARCH LAS
LOCKHEED MISSILES AND SPACE CO INC 318 ELECTRICAL ENGINEERING EAST
3251 HANOVEA STREET UNIVERSITY PAW, PA 16802
PALO ALTO, CA 94304 (No CLASSIFIED TO THIS ADDRESS)

OICY ATTN MARTIN WALT OEPT 52-10 1NO ICY ATTN IONOSPHERIC RESEARCH LA
OICY ATTN RICHARD G. JOHNSON DEPT 52-02
OICY ATTN W. L. IMHOF DEPT 52-12
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A'1'TWT3IC., INC. SCIEW.k APP.ICATlIIS I01C0 TIh)
442 MAITT ROAD &00 1STIMIA %mIw
LEXINGTON. M 02103 -LEfA, -lA 22101

OICY ATTN ISVI'4, Z.. ItS3K, GICY ATTN J. CO XAYN[

PYSICAL DfylCs INC. SCIENC APLICATIG6, INC.
P. 0. so 101 O MISSION olft
kiLLE'g, W u0or PLEASAMTON. CA 9'S.3t

OICY ATTN E. J. FWEMVIJ SIC? ATT.4 SZ

PHYSICAL DYNAICS t'4.. SRI INTU"MANAL,~
P. 0. o * 0.9 33 RV NS ." AVUE"
IMAELEY, CA 9411 DELO PA'S, CA "402S

OICY ATTN A. TVPO OIC? ATIN JONL NEILS4U
SIC? ATTN ALAN SIMM

Ilk a 0 ASSOCIATES SICY ATTN 6. SMITH
P. o. 5x 9695 @ICY AfTN L. L. CON

"IiNA DEL REY, CA 90291 SIC? ATTN DAVID A. JOSON
0CY ATTN FORREST .ILMOM OIC? AT1Tk WALTER G. CNUtS T
OICY ATTN BRYAN GABBARD 0IC? ATTN C01.ES L. RIN0
0ICY ATTN WILLI14 6. WRIG4T JR SIC? ATTN w.TEA JAYE
SICY ATTN ROBERT F. LMEVIER SIC? ATTN M. SAW
OICY ATTN WILLIA4 . KAI MS SICY ATTN SAY L. LEMJQ
O? ATTN A M. Otl SICY ATTN G. CWAMlCTEA
0ICY ATTN C. PV400POLD SICY ATTN 6. PRICE
0ICY ATTN It. TUIRC @ICY ATTN J. PET U@

ICY ATTN A. MACQ, JR.
50 CORPORATIO0N, THE ICY ATTN V. G6ALS
1700 IIN STREET 0CY ATTN D. CDAmNIEL
SANTA MIONICA, CA 90406

OICY ATTN CULLEN CRAIN TECHNOLOGY INTERNATlONI L CORP
DICY ATIN ED SE OZAN 7 WIGGINS AVENUE

IN[OFORO. A a130
RIVERSIDE RESEARO INSTITUTE 0CY ATTN d. P. SOQUIST
1O WEST END AVEN"E
NEW Y0FO, NY 10023 TRW DEFENSE 6 SPACE SYS 6RUP

0ICY ATTN VINCE TRAPANI OfE SPACE PARK
REDONO SEP04, CA 90271

SCIENCE ALICATIOiS, INC. &ICY ATTN N. K. PLESJCm
P. 0. box 2331 SICY ATTN S. ALTSO4LJmIt
LA JOLLA, CA 92038 SICY ATTN 0. DC

SIC? ATTN LEWIS M. LINSON
SICY ATTN OW NEL A. IALIN ViSitwTe, INC.
0ICY ATTN 0. SA04S 19 THIRD AVENUE
SICY ATTN E. A. STKER NORTH UEST IOUSTRIAL PAW
0ICy ATTN CURTIS A. SMITN SIURINGT4, MA 8104
SICY ATTN *A( MCDOULL SICY ATTN CHARLES .499KY

SICY ATTN J. W. CiT
RAYTHEOl CO.
325 BOSTON POST a
SUDBURY, VA 01776

SICY ATTN AMWMA ADAM

SCIE CE API.ICATIONS, INC.
HUNTSVILI. DIVISION
2109 w. CLINT@4 AVENE
SUITE 700

MuTSVILl, A. 3$SOS
- S.ICY ATTN DALE N. IVIS

I I..
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